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(54) Title: POWER LINE COUPLER MODEM DEVICE FOR COMMUNICATION OVER ELECTRICAL LINES 

(57) Abstract 

The pasesA invention discloses an im- 
proved electrical communication apparatus 
which coxmmmicates high speed data/informa- 
tion over esdstuig AC wiring (12), provides a 
phase linear mvironment for dectiical trans- 
missiaa and reception of information on elec- 
trical wiring (12) and provides a means for si- 
multaneoiis transmission md reception of mul- 
tiple d|ata/iiifoiniatiQtt streams (14, ^ 
use of dieiecttic core couplers (18). This inven- 
tion provides a means for linlmig 2 or more 
miiito pi ocessQr based or electronic devices via 
ooxiventio&al electric lines such as power lines, 
bnikfing wiring; tm^ed pair, coaxial caUe or 
othcr>iriiig. . : , . ■ 7 
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j POWER IiINE COUPLER MODEM DEVICE FOR 

COMMUNICATION OVER ELECTRICAL LINES 

Field of the Invention 
The present invention relates to communication apparatus 
used to send and receive high speed data over electrical lines . 
More specifically, it provides a means for high speed data to be 
sent and received over conventional electrical wiring or other 
electrical lines already, existing in a building ■ or over , 
preexisting povfer lines between buildin^rs and structures. 

Description of the Prior Art 
Presently, there are a number of devices that allow 
different types of information to be sent over electrical lines. 
For exaxople, there are intercom, stereo, switch control, and line 
carrier modem systems which readily plug into an electrical 
outlet and allow transfer of information" over^cdftirentional wiring 
to any other outlet in the, same bt^^^^ 

. The term conventional wiring includes wiring . f oxind in 
buildings, homes or other structures. Conventional .wiriiig can be 
AC power lines, electrical wiring, coaxial, twisted pair, 
telephone, antenna, multibase or any other wiring that can carry 
electricity. „ ..-.^^n 

: Jnterccsn systems transfer a frequency modulated vpxce. signal 
over an electrical AC line which is received at another point or 
socket on the electrical line, and; is ciemodcaat^c^^ its 
r voice components . . Switch ; control systems consi^ ..o^^a^i m ai r i . . 
switch control station plugged irrto M.eljMtric^J^ 
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as multiple receiving stations plugged into other electrical 
outlets. Each of the receiving stations may have a lamp or other 
appliance plugged into it. The main switch control station 
allows the user to press a selected button which switches a 
selected appliance on or off at a receiving station. The 
information sent from the switch control station to the receiving 
station is generally a frequency modulated on top of the AC 
voltage already present in the conventional electrical wiring. 
The fteqoBzicY is received by the individual receiving stations . 
Each receiving station listens for a particular frequency which 
indicates v^ether to switch to the off or on position. Here only 
the simplest of information is sent over the conventional wiring. 

There are also line carrier modems. A line carrier modem, 
such as one described in, Keith Nichols, "Build a Pair of Line- 
Carrier Modems,- Radio Electronics / 87-^X7 (Jixly 1988 ) , is 
connected to a computer or personal .computer^^^then plugged 
into an electrical outlet. Somewhere else oh the same electrical 
line another computer is connected to one of the line carrier 
modenis and also plugged into an electrical outlet. Data can be 
cdmmmicated from one confer to another via the liiie carrier :- 
modems. Generally, such modems, ta3ce a single data stream from 
the -computer/ modulate the data stream, then place it^Xon top of 
the AC voltage present in the conventional wall - wiring . This 
signal is ' then received by a second line carriisr :modem and M 
^demodulated ba«=k into the original data stream, so that the secoxid 
^a^^tABT cait receive the data from the first computer. v:^. - ^ 
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f Existing line carrier modems are limited to a baud rate of 
IS. 2 kbaud or less. This limitation is mainly due to the use of 
magnetic or iron core transformers in their design. These iron 
core transformers are used to couple the modulated data stream 
from the line carrier modem onto and off of the conventional 
wiring. These magnetic core couplers are not impedance matched 
to the electrical line characteristic impedance, and thus distort 
the modulated signal. This distortion limits the transmission 
and reception baud rate to 19.2 kbaud. Spread spectrum 
techniques are used in existing line carrier modems due to the 
problem encountered with standing waves. A standing wave occurs 
due to the mismatched iii^edance of the magnetic core couplers and 
the electrical line which causes a reactive coupling at carrier 
frequency. The standing wave will cause null points on the 
conventional wiring; the effect of which lifilX^^ca^ the 
transmission at the null point. Existing transmission or 
receiving line carrier modems , with their iron ^core or inagrietic 
core transformers, are inept at filtering out a majority of the 
60Hz harmonics from a 60Hz 120 volt electrical line. Iron core 
or magnetic core transformers/couplers are also phase non^line 
thus modulated, signals ^ent along conventional wiring aure of a 
different phase ^en received then, as ^riien transmitted • This 
unpredictable phase shift, associated >d.th the coupling^ of the 
modulated signal to the electrical line, severely limits the use 
of encoding digital data with pEase shift keying techniques. 
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At present, local area networks (lANs) and networlcing ,| 
systems, such as Ethernet, are the industry choice for connecting 
multiple computer stations together. These networks generally 
consist of multiple computer stations, a network server, and a 
hard wired bus and/or electrical lines connecting every computer 
system. Each computer or station on the system has an address 
known by all the other coinputers or stations . For a first 
station to communicate with a second station it merely 's«ids the 
address of the second station on the bus followed by pertinent 
data information. The information is received by a second 
station with the proper address. The second station may transmit 
data back to the first station using the same process. 

LAN or. Ethernet systems are expensive to install. One 
reason for the expense is the purchasing and installation costs 
of wiring an office complex. Wiring oftai must be installed 
underneath the floors" or throngh-ih.k--ifalls-Lvr6^er^^6 meet 
building codes. At a later date, the installation of more wiring 
may be required to expand the system. 

Local area networks and Ethernets transmit data over their 
communication lines at an extremely high rate of speed. This 
rate of speed can be up to and greater thaii 10 Mbaud on cbkxial 
line and about 1 Mbaud over multiple twisted pair. At pres^^ 
there 'is ho available system that allows lAH or Bthtoet - - 
expansion without hard wiring additional cabling throughout an 
office^^ldinj. As nientibned earlier, existing ^il:^,^^ 
modems can only transmit and receive data at about 19 . 2 kbaud. 
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TJiey are not useful for expanding Ethernet or LAN systems because 
linking a pre-existing LAH System to presently existing line 
carrier modems for expansion purposes will slow the entire 
network down or make the system inoperable. 




mm 




The invention includes communication apparatus which 
transmits and receives multiple modulated signals over an 
electrical line having a first station capable of receiving high 
speed data and converting the high speed data into multiple 
modulated signals for sending simultaneously over the electrical 
line to said second station. OSie second station is capable of 
simultaneously demodulating the multiple modulated signals and 
converting the signals back into high speed data; and each of the 
stations incorporates dielectric core couplers for coupling the 
multiple modulated signals between the electrical line and each 
station . 

in light of all the foregoing, it is a primary object of the 
present invention to transmit and receive data at baud rates 
greatly exceeding 19.2 kbaud over preexisting conventional 
wiring. 

It is a further object of the present invention to transmit 
and receive data over conventional wiring in a phase linear 
fashion such that phase shift keying techniques can be used in 
sending and receiving digital data. 

It is another object of the present invention to resistively 
match a Power Line Coupler Modem to the electrical wiring 
characteristic ii^^dance at the transmission fregoaicy in order 
to eliminate standing waves. The elimination of standing waves 
will allow the power Line Coupler Modem to transmit and receive 
without using spread spectrum modulation/demodulation tetdmigues . 
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i It is another object of the present invention to send and 
receive multiple modulated signals at the same time over 
conventional wiring. 

It is yet another object of the present invention to provide 
an inexpensive means for installing and expanding LAN or 
networking systems such as Ethernet or Token Ring, etc. 

It is an additional object of the present invention: to allow 
multiple computers or stations to communicate via pre-existing 
electrical lines found within a building, . 

It is a further object of the present invention to allow 
computer systems to communicate via pre-existing power lines 
between buildings such that work stations or computer systems in 
one building can connnunicate with multiple work stations and/or 
computer systems in other buildings. 

It is another object of the present invention to transmit 
auad receive clear audio, or videow^ajialog^signals.^ via. conventional 
wiring in a phase linear manner. 
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DESCRIPTION OF 'PHE DRAWIMGS 
Figure 1 is a block diagram of basic Power Line Carrier 

Modem (PLCM) of the present invention. 

Figure 2 is a block diagram of the PLCM organized to handle 

serial inputs and outputs . 

Figure 3 is a block diagram of the PLCM incorporating 

quadrature phase shift keying in the modulation and demodulation 

stage. 

Figure 4 is a block diagram of the PLCM incorporating 
quadrature phase shift keying and capable of handling high speed 
serial inputs and outputs. 

Figure 5 is a block diagram of the PLCM configured to 
operate within a Local Area Network (LAN) system. 

Figure 6 is a block diagram of the PLCM configured to 

operate within an Ethernet- 
Figure 7 depicts mmerous computer s>-pELnters^ and various 

devices interconnected via the PLCM. 

Figure 8 depicts the coupling transformer of a power line 
coupler of the present invention. 
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. / DETAILED DESCRIPTION OF THE INVENTION 

The present invention, a Power Line Coupler Modem (PLCM), 
provides a means for high speed data communication over 
conventional wiring. The invention modulates multiple signals at 
different preselected modulation frequencies, then combines and 
sends the multiple modulated signals over conventional variring* 
The multiple modula^ted signals are th&fi received, separated and 
individually demodulated. Power Line Couplers, described^^ln my 
pending patent application Serial No. 822, 32S, are used in the 
present invention to place and retrieve the multiple modulated 
signals onto and off of the conventional wiring. These couplers 
are phase linear at and close to their preselected frequencies 
and are capable of removing a majority of the AC harmonics 
associated with power line frequencies (60Hz) found on 
conventional wiring. Furthermore, operation of the PLCM can 
reach speeds in excess of 1 MBaud (with foiir"€^^^ for 
3 KM distances. It is en^hasized that the .transioission i^^^^ a 
parallel, form rather than a serijal form. r .:: ■::i-:^y-^'■^:i-v'<i:- 

FLgurB 1 depicts a basic Power Line Coupler Modem ;(PL(3^ 10 
which consists of at least two Power Line Couplers (C^ - Ci^) 18 
plus an equal number of modulators (Mf - M.). 16 and .demodulators 
{Di -r D^) ; 20. Data, usually in the f orm, of .^a ^cUgi 
comes , from a device capable of senduig-^araJ^ 
shown) , such as a personal cpmpute^ir ,^ 
device. It should be noted that the data cdixld^be^^ 
information such as voice, video, stereo, or other analog signals. 



Data enters the PLCM 10 via the parallel inputs 14. The 
data is modulated to a preselected modulation frequency by its 
associated modulator (M^ - M„) 15. After each data stream is 
modulated at the modulators it is passed to its associated 
coupler (Ci - C„) or Power Line Carrier (PLC) 18. Each coupler 
18 is phase linear and resistively matched at or around the 
mbduiatibn (carrier) frequency to the characteristic impedance of 
the AC po^rei liiie 12 to which it is connected. Each coupler 

_ Ca) 18 is connected to one another resulting in an addition 
of all the modulated data streams as they are connected to the 
conventional wiring or AC piawer line 12. 

A second PLCM, shown in Figure 1, is identical to the first 
PLCM 10. The addition of all the modulated data streams liters 
the second PLCM 10. from the AC power line 12. The couplers of 
Figure 8 (Ci - C^) 18 are impedance matched to the AC' power line 
12 and phase linear at the preselected filter fr^^cies. Each 
coupler filters the inccaning signal and extracts a single 
preselected modulated data stream. The modulated data stream is 
sent from the couplers (Ci - C^) 18 to an associated "demodtilator 
(Di - D^) 16. Each demodulator 16 removes the modulating carrier 
signal from the data leaving the data ^ch was sent by the first 
PLCM. This da!ta is placed onto its associated parallel output 
lines a&e output lines carry the data to ah electronic device 
capable *of receiving parallel digital^ data such as a computer, 
printfer^ ' or'"' other' -ele^ *■«,"; .; ■[[ ' ' ■ 
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J This entire communication process can be repeated in the 
opposite direction. That is, the second PLCM can send data to . 
the first PLCM via the AC power line 12. The generic data rate 
at which the parallel input 14 and output 22 lines are capable of 
operating at is in the range of 50 to 100 KSymbols/sec for each 
line. The PLCM can be configured to handle any size parallel bus 
and the signals on the bus can be anything from DC voltage levels 
to binary signals to multiple emalog signals. 

Thg* Tw^'gT™™ /^rn™^iT^'j<^«^T"n^'»s^^ calculated from the 

raw speed of each digital bit stream. Dividing the speed of an 
electron, 300/000 km/sec, by the speed of the bit stream, 100 
KSymbols/sec, we get 3 km/bit. Normally only a fraction of the 
300,000 km/sec can be assumed for electron speed, thus the 
Tnaximum communication distaince will be closer to 2 km. 

Figure 2 depicts the basic PLCM IQ-^whe^lTiSr^ 
inputs 14 are connected to^ a deara 

outputs are connected to a multiplexer 28 . Jn this ^conf igur 

the. PLCM 10 can receive serial or parallel (herein "data stream) 

data stream on the input line 24 from a device, capable of ^^^^^ 

a data stream (not shown) * The dCTiultiplexer 26, rece^^ 

data stream and converts it to parallel, da ta^ J^^ 

input lines. The PLCM then operates- as described abpv^e^^^^^^^^^^ 

short , each signal . on the. parallel input^ line. 4. s 

coupled to the AC power. line. The signaJ-^ is^ then-^xecei 

second PLCM herein the modulated signals are coupled it<^^ 



PLCM, separated, filtered, demodulated and sent out on the 
parallel output lines 22. 

The parallel output lines 22 are connected to a multiplexer 
which converts the parallel data back to its original data 
stream. This data stream can be received by an electronic device 
designed to receive serial or parallel data. 

For example, referring to Figure 7, PCI, a personal 
computer, may have a data stream port through which -it sends and 
receives data. PCI may send data to PC2 through the AC power 
line by first sending the data stream to a first PLCH which ' 
connects the data in a modulated format onto the AC power line. 
A second PLCM then can receive the modulated data, change it back 
into its original data stream form and connect it PC2 vAich, in 
turn, receives the data. Each transmission is addressable to 
preselect the 'destination. 

Since the basic PLCM configuration - is .capable of handling a 
symbol rate of 80 KSymbols/sec per each input or output parallel 
line, the addition of another parallel line acts as a dataospeed 
multiplier increasing the baud rate and overall throughput of the 
PLCM. For example, if two modulators and demodulators are used 
in each PLCM the overall throughput of the PLCM is 80 
KSymbols/sec X 2 = 160 KSymbols/sec. If eight modulators and 
dCTodulators are used in the PLCM the overall throughput of the 
PLCM is 80 KSymbols/sec parallel line X 4 paranel lines ? 320 
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i Quadrature phase shift keying modulation techniques are 
illustrated in Figure 3. As explained herein, quadratiire , phase 
shifting can be used successfully in the novel PLCM to double the 
baud rate of each input or output parallel line in the PLCM. 

Figure 3 depicts a phase shifting PLCM 10a with parallel 
input lines 14 which carry digital data into the quadratu^ phase 
shift keying (QPSK) modulator 34. The QPSK modulatpr^^assigns a 
90, 180, 270 or 360 degree phase shift for each 1^ 
and shifts the modulation frequency accordingly. Fox eiwsple, 
data bits "00** are assigned a 90 degree phase shift, "01" are 
assigned 180, "lO" are assigned 270 degrees and "11" assigned a 
360 degree shift. This technique essentially packs the data in a 
2:1 ratio. Thus, the speed of each parallel input line is 
increased by a factor of two over the general modulation 
technique described in the basic PLCM. 

The shifted modulation signal is 'Coupled^ ta the AC power 
line 12 by the PLCs 18. As with the basic ELCM all paral^^ 
shifted modulation signals are added together ^into a , conglomerate 
modulation signial and sent oyer the AC power ^line ^;t^^ 
"PLCM 10a. The second PLCM 10a (not shown) located ^at another 
poiiit on the AC power line 12 receives the, CM^qmeaqa 
modulation signal and separates emd filters .each distinct signal J 
at' the^'^' couplers' 18. ■ ^ ^^^t^-' -^g^v .^ 

Since the PLCs 18 are phase linear ,diie..tp thg^^u^ . 
core^ transfozmesrs . and ijnpedance matched to -the AC pojigM^^i^^ 
thei; modulatlcm^^f requency, the encoded phase ^^shffts^:^^^ 
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undisturbed ^en passing through them. Each shifted modulation 
signal proceeds to the phase lock loop (PLL) circuit 36. The PLL 
36 assures the specific predetermined frequency and bandwidth are 
locked onto and do not drift prior to insertion into the QPSK 
demodulator 34. A possible bandwidth for the Pli is 50 KHz. 
Other frequency locking circuits can be used here as well. ^ 

At lihe QPSK demodulator the phase shifts in the modulated 
signals are demodulated (decoded) back into their original ■ 
digital form. A 90 degree phase shift is demodulated into a -00" 
a 180 degree phase shift to a "01", and so forth. The data- 
stream is then sent out on the associated parallel output data 
line. 

Figure 4, similar to Figure 2 , depicts how multiplexer and 
demultiplexer circuits can increase the baud rate of the phase 
shifting PLCM 10a to that of a high speed: data stream ^ input or 
output line. The multiplexer receives 'xnpttt*datai on the data 
stream input line then converts the data to multiplexed parallel 
dati and connects the data to the parallel input lines The data 
rate on each input parallel line is equal to the speed- of the 
input data stream divided by the total number of parallel input 
lines . The more parallel input data lines the> greater the speed 
of the data stream input lines that can be catted to by the 
PLCai. using QPSK modulation each parallel input and oul^?t 
-parallel data line operates at baud rates of about leo.^kbaud. 
^^Tltoface> if eight ii:^ and output data lines-are^uSe^^ 
■ overall throughput of the PLCM using* qoadratufes;j>has^^^ 



>W093/23m W PCr/US93/04726 

}(j2ying is 160 -Kbaud multiplied by four^ totaling 640 Kbaud. The 
use of more than eight input and output data lines can increase 
the baud rate dramatically. 

If an eight state phase shift modulator (octaphase shift key 
modulator) (OPSKM) is used instead of a quadrature phase shift 
modulator (four state modulator) then every three bits of. data 
are assigned to each forty-five, degree shift in phase. . For 
example, "000" is assigned , a 45 degree phase shift, r 001" is 
assigned a 90 degree phase shift, "010" is assignied 135 degrees, 
"Oil" gets 180 degrees, "100 gets 225, "101" gets, 270, "110" gets 
315, and "111" gets a 360 degree phase shift assigned to it. 
This technique packs the data in a 3:1 ratio. Thus, the speed of 
each parallel input line is increased by a factor of 3 over the 
general input line. Using OPSK modulation and eight parallel 
input lines, each input line through- put^wal^^ 80" 
KSymbols/s'ec x 4 equaling 320 KSy^bolsi/^.ep*^^^^ by eight 

lines the total throughput of a PLCM using OPSK modulation^is 
about 2*5 MSyiid>ols/sec. , , , . v-. 

The demultiplexer circuitry 26 operates the same, wa^y ;as 
described for figure 2 • The parallel output lines^ 22 ,;;in JE^^ 
4, carry the digital data from .the QFSK modulators , 34 ;.tO; the / 
multiplexer where it is multiplexed, from parallel to/datk;,^^^ 
data and sent out on the data screen output line 30> ;^ i^-i; ''> i . 
. For example, a Digital Signal Processing iDSI>!y ci^i^ 



.used, ^, using' tJM^AOT in> >^ch;^e..dig^^ 



the PLL and the OPSK HOO/DEKOD can be programmed « 
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Sense Mill tiple Access /Co3JJ.sion Detection will be handled in the . 
PEC modem. Logical separation of LAN traffic (addressability) 
may be used as well as the Forward Error Correction (FEC) and 
Data Compression, all of which are controlled by the CPU. 

Obviously^ the best carrier frequencies which can be chosen 
between the main harmonics of the 60 Hz, are every 30 KHz in the 
spectrum. In that case, the 1:1 received inband noise 
(threshold) is only a2X>und S-lS'mV'peak to peak. Thus,^ ten 
channels can be used at the following carrier frequencies: 
Fl=i65 KHz, F2=195 KHz/ P3=225 KHz, F4=255 KHz, F5=285 KHz, 
P6=315 KHz, F7«345 KH2|. F8==375 KHz, F9^405 KHz, F10=435 KHz using 
about 20-24 KHz bandwidth for each channel and OPSK. Similarly, 
about 33-33 KSynd^ols/sec per channels and lM>aud final speed can 
be reached. The usag^ of more channels will bring up the price 
of the modCTi and since the strong 60Hz harmonics are only every 
60 KHz in the spectrum, therefore only four fchannels are 
recommended at the following carrier frequencies, vrtiile the noise 
threshold remains about the same as above: Fl=210KHz, F2=270 KHz, 
P3=330 KHz, F4=390 KHz, using about 50-54KHZ baridwidtii fbr each 
ch^mels ami OPSK. Similarly, about 83.33 KSymbols/sec per 
r-hannai a and 1 Mbaud final speed can be reached, 'it"^^^^ 
possible to add a fifth channel at 15 OKHz. in Euroipe , ' t^^ 
Line carrier frequency rules are different.' Tliey-^^^^^^^ 
MgiTer^ than lOOKHz frequen 

channels are recommended at the following carrier frig^^cies r 
Fi*56l^; F2=69K^> F3=82KHz, F4=95KHz usiiag about; OT^^^ 



wo 93/23928 : ^ ^ PCT/US93/04726 

foi^ each channel and OPSK* The maxinnnn final speed can be about 
200Kbaud, Since they have SOHz power, the strong, harmonics 
appear at every 25KH2 in the spectrum, and the threshold is 
around 15-40mV peak to peak. 

Figure 5 and Figure 6 depict examples of how the PLCM and 
modulator /dCTiodulator circuits can be used in coexistence with 
network controllers used in a Local Area Network (IAN) >syst em, 
(Figure 5) / or other networking systCTi, (Figure 6 ) v^^ This tis an 
inexpensive technique for creating or expanding ^ a LAN or Ethernet 
System because no additional wiring must be added to interconnect 
the system. Other network controllers such as Starlan, Token 
Ring, etc. can also be used. Also, the use of various types of 
network software, such as Novell, can be implemented. : 

Power Line Couplers (PLC's), as described in my co-pending 
application serial ninnber 822,326 filed Jan. 17, 1992/ are part 
of the present invention's eriibod^ 

phase shiftijig qualities. PLC's allow signal information^ to be 
placed on conventional electrical wiring and retrieved, noise 
free, at another position. PLC's allow communication over 
existing electrical power AC wiring found in buildings. PLC's 
also allow for communication over long distemce through power 
lines outside buildings. Such a configuration on outside wiring 
will allow efficient data communication from building to building 
without the Installation of new cabling. With a PLCM, >rtiich 
incorporates a PLC, existing electrical wiring in>M 



become a means for transmitting and receiving communications at ^. 
rates of speed that can exceed 1 Mbaud. 

Figure 7 depicts a possible configuration for data 
communication between multiple microprocessor based and 
electrical/electronic equipment. Any personal computer (PC), 
printer, or other device can be connected to a PLCM 10,. 10a. The 
PLCM,: plugged into a standard wall socket, will allow the ..device 
to transmit aiid/pr receive comnninication ijifonnation p^^ 
electrical wiring of the building 12» 

Note that if multiple phases are present (phase A, B, , & C) 
and devices ^diich must comraanicate via a PLCM are connected to 
separate phases, then a single circuit 70 can be used to link the 
phases together. 

While pearticulstr anbodiiaents of the present inv^tion are 
disclosed herein, it is not intended to limit the invention to 
such disclosure, and changes and modifications, may, be ^ 
incorporated and embodied within the scope of the following 
claims . 
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Whit is claimed is: 

1 * A connnunication apparatus which transmits . and receives . 
multiple modulated signals over an electrical line which 
comprises: 

a first station and a second station; 

said first station capable of receiving high speed data and 
converting the high speed data into multiple moduljated signals . 
for sending simultemeously over the electrical line to m 
second station, said second station being capable of . 
simultaneously demodulating the multiple modulated signals and 
converting the signals back into high speed data; and 

each said station incorporating dielectric core couplers for 
coupling the multiple modulated signals between the electrical 
line and each station. 

2 . A communication apparatus in accoi^aSce'T^ claim 1 
wherein the dielectric*core coupler s.. couple^ tha^miiltiple : :." 
modulated signals between the electrical line and each c station in 
a phase linear manner. 

: 3. A communication apparatus in accordance >^with cla^ . 
wherein the electrical line is any conventional wXriJi^g ...^{^^.^^ C^^^ v 

4. A communi cation apparatus inr accordance with claim 1 
\^erein the multiple modulated signal sent over^^ the 

line -can bei'sent- for a distance of ::3Jan.r ^f;,^ --:-.-:'::.^,.-^-^^ ^^•^:^^> '■ 

5. A commnn i cation apparatus, in accprdMce :>n.t^^ 
^eriein the multiple modulating signal, is a cpmbinatidn^^^ 
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multiplexed digital data which is modulated at different distinct 
preselected frequencies and then combined. 

6. A communication apparatus in accordance with claim 1 
wherein the high speed data is serial data traveling at a rate of 
up to 100 KSymbols/sec. 

7. A communication apparatus in accordance with claim 1 
^dierein each station utilizes quadrature phase shift keying 
techniques when modulating and demodulating the multiple 

modulated signals. 

8. A communication apparatus in accordance with claim 6 
wherein the high speed data is serial data traveling at a rate of 

at least 160 kbits/sec. 

9. A communication apparatus in accordance with claim 1 
wherein each station utilizes octaphase shift keying techniques. 

10. A communication apparatus in accordance with claim 7 
wherein the data error rate of the,. commuiiica,tion. .apparatus is 
less than 10"'. 

11. A communication apparatus which transmits and receives 
composite modulated signals over an electrical line at high 

speeds com^ising: 

a first station and second station connected to each other 

by an electrical line; / rr 

each station including multiple input and output data ^ines, 
modulators, demodulators and air-core couplers; > ^ 

^ multiple output data lines carry electrical information to 
modulators, one data line to each modulator; 
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\ said modulators, each operating at ,a different preselected 
irodulation frequency, modulate output data received from a 
corresponding output data line and pass such modulated data 
signal to an air-core coupler; 

each air-core coupler, which is phase-shift linear and 
impedance matched with the electrical line at the. preselected 
modulation frequency, couples each modulated output data^ signal 
to the electrical line by creating and output composite signal; 

each air-core coupler also receives . an input composite from 
the electrical line and separates the input composite signal into 
parallel input modulation signals, without effecting the phase of 
the parallel input modulation signals , and passes said input 
modulation signals to the demodulators; 

each demodulator, one for each input modulator signal, 
demodulates the input modulation sigixar^afid"^^ it on an 

input data line as input data. . ^ -^^.^v. • , _ 

:12. . A communication apparatus in accoirdance with Claim 11 
wherein all input data lines are connected^tq a multiplexer which 
multiplexes the electrical information on the input data lines i 
into an input data stream line and , ; 

all input data lines are coimected to a demultiptlefxer . 
which demultiplexes the electrical infonnation on 

stream line onto the output data lines. \ ^-,-:^^;-r'':^..^:^^'.^\\.-r'- 

A communication apparatus vijaxaccprf 
wherein 't:he input and outpiit date strfaon^JJ^ 
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' ' individually at approximately 80 KSyiabols/sec multiplied by the 

number of input or output data lines . 

14. A communication apparatus in accordance with Claim 11 
wherein the air-core couplers have a dielectric core. 

15. A communication apparatus in accordance with Claim 11 
herein the electrical information on the input and output data • 
lines is analog information. 

16 . A comnranication appafiatus in accordance with ciaim 12 
wherfein demodulators incorporate phase-lock-loop circuitry prior 
to demodulation. 

17 . A comimmication apparatus in accordance with claim 16 
herein modulators and demodulators incorporate Quadrature Phase 

Shift Keying Circuitry. 

18 . A comnnmication sppaxa-tas in accordance with claim 16 
\Aerein modulators and demodulators incorporate octap^^ shift 
keyxng cxrcuitry. ^ - 

19 . A communication apparatus in accordance with claim 11 
wherein each station includes a multiplexer; demultiplexer; 
serial input line and serial output line; - 

each data stream output line carries output data to a 
moltiplexer; - - 

- V : -^^^ multiplexer^ multiplexes the data stream output data 
onto the multiple output data lines; ^ ' . / 

i each demiatipl«er-receiv6S> input -data from the input data 
Unes clemalti^lex^^the^ «i^ data stream ai^^ 

sends the input data on the data stream iJiput line . , 
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I 20. A coramtinication apparatus in accprdemce with cleuLm 17 
wherein both the data stream input and data. stream output line 
travel at data speeds exceeding approximately 1 Mbaud. 

21. A method of communication which allows multiple 
electronic processors to commxinicate on an electrical line 
comprising: 

providing a first encoder /decoder connected toalirst , , 
electronic processor and at least a -second encoder/decoder . m 
connected to a second electronic processor, both first and second 
encoder/decoder units being connected to an electrical line and 
utilizing air-core couplers; 

receiving a first data stream from the first electronic 
processor; 

multiplexing the first data stream into multiple parallel 
data streams; ..^..^.^^^^^ 

modulating each parallel data stream at a different distinct 
preselected modulation frequency resulting in multiple modulated 
data streams; 

combining the multiple modulated data streams into a 
combination data stream; 

sending the combination data stream on the electrical line 
in a phase lineeu: manner; 

receiving the combination data stream at the second 
encoder /decoder unit; 



' ; • ^ sepiratJjig "t^^^ stxeam, in a phase linear 

manner, into multiple modulated data streams each modulating a 
different distinct modulation frequency? 

demodulating each modulated data stream and creating 

parallel data streams; 

demultiplexing the parallel data streams into a single 

second data stream; 

connecting second data stream to the second electronic 

processor. 
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